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Abstract 
Three local fungal isolates (Aspergillus flavus, A. niger and A.ochraceous) were screened for their 
ability to secrete digesting enzymes (endoglucanase; β-galactosidase; β-mannanase;  β-mannosidase 
and xylanase). The results revealed that the highest activity detected in the culture filtrate was for the β-
mannanase enzyme followed by xylanase, whereas endoglucanase and β-galactosidase activities were 
very low. On the other hand, the culture filtrate did not contain any activity for β-mannosidase. The 
most potent mannanase producer was A. niger, which produced the highest extracellular mannanase 
activity (2.90U/ml), followed by Aspergillus flavus (2.54 U/ml) and A.  ochraceous (2.16 U/ml). The 
optimal operating conditions for β-mannanase activity by A. niger arising from this study are as 
follows: temperature of 30◦C, 6 days incubation period, initial pH 5.0 and inoculum size of 3 x 106 
spore/ml.  
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Introduction 
Filamentous fungi are good source for the industrial 
enzyme production. They are able to produce and 
secrete large amounts of extracellular enzymes [1-3]. 
Mannans and xylans are the main carbohydrate 
components of lignocellulosic material of woods beside 
cellulose and lignin. β-Mannanases are very important 
enzymes for the digestion of hemicelluloses, one of the 
most abundant groups of polymers in nature. β-
Mannanases hydrolyze mannan yielding mannotriose 
and mannobiose [4].  
β-Mannanases are applied in combination with 
xylanases  in the pulp and paper industries [5,6]. This 
leads to a significant reduction in the amount of 
chemicals required for bleaching [7, 8]. β-Mannanases 
can be produced by a number of fungi, yeasts, bacteria, 
and marine algae, as well as from germinating seeds of 
terrestrial plants, and various invertebrates [9–12]. 
Among these options, production of β-mannanases by 
microorganisms is more promising due to its low cost, 
high production rate, and readily controlled conditions. 
Bacterial β-mannanases have been reported by Emi et 
al. [13], Takahashi et al. [14], Akino et al. [9], and 
Hossain et al. [15]. 
The aim of the present work was to screen 
fungal isolates for their ability to secrete digesting 
enzymes and to investigate the effect of some 
environmental factors that influence its degrading 
activity. 
 
Materials & Methods  
Microorganism and Culture Conditions 
Three locally isolated fungal strains (A. flavus, A. niger 
and A.  ochraceous) were previously isolated and 
identified [16] were screened for their ability to secrete 
digesting enzymes (endoglucanase; β-galactosidase; β-
mannanase;  β-mannosidase and xylanase).  
Estimation of protein content  
The protein content of the enzyme preparation was 
determined by the method of Lowry et al. [17]. The 
developed blue color absorbance was measured at 750 
nm (Pharmacia Biotech. /Novaspec  
spectrophotometer). The standard curve was previously 
constructed using crystalline bovine serum albumin 
(Sigma Chemical Company, St. Louis, USA). The pH 
value and extracellular protein content of the culture 
filtrates as well as the dry weight of the microbial 
growth were also estimated. 
Determination of enzyme activity 
β--mannanase activity was routinely determined by 
nitrosalicylic acid (DNS) method according to 
Stalbrand et al. [4]. Enzyme assay was carried out by 
mixing 50 µl of appropriately diluted enzyme samples 
with 450 µl of 50 mM sodium citrate buffer, pH 5.5 
containing 0.5% Locust bean gum. The reaction 
mixture was incubated in water-bath at 40oC for 5min, 
1 ml of this mixture was removed and added to 1ml 
dinitrosalycilic acid (DNS).  The mixture was incubated 
at 40 °C for 20 min and the reaction was stopped by the 
addition of 1 ml DNS reagent. After 5 min in a boiling 
water bath and quick cooling to room temperature, the 
degree of enzymatic hydrolysis of the LBG was 
determined spectrophotometrically by measuring the 
absorbance at 540 nm. The reducing sugars released 
were then determined against a standard curve obtained 
with mannose. One unit of β-mannanase activity is 
defined as the amount of enzyme that gives rise to 
reducing end groups corresponding to 1 mg mannose 
under the current experimental conditions. 
Xylanase activity was assayed as described by Bailey 
et al. [18] using 1.0% (w/v) birchwood xylan (Sigma X-
0502) as substrate in 50 mM sodium citrate buffer, pH 
5.3. Endoglucanase activity was assayed as described 
by Wood and Bhat [19] using 1.0% (w/v) 
carboxymethyl cellulose (CMC, medium viscosity, 
Fluka) as substrate in 50 mM sodium acetate buffer, pH 
5.5. β-Galactosidase and β-mannosidase activities 
were assayed as described by Ratto and Poutanen [20] 
using 4.0 mM p-nitrophenyl- β -D-galactopyranoside 
(Sigma N-0877) as substrate in 50 mM sodium citrate 
buffer, pH 4.5 and 2.0 mM 4-nitrophenyl-β-D-
mannopyranoside (Sigma N-1268) as substrate in 50 
mM sodium citrate buffer, pH 5.5.The amount of p-
nitrophenol released in the mixture was determined by 
measuring absorbance at 405 nm. 
Preparation of the crude enzyme 
At the end of the designated incubation period, the 
fungal mycelia were separated from the culture by 
centrifugation at 6.000 rpm, 4°C for 15 min in a cooling 
centrifuge (Chilspin, Fisons, UK). The clear 
supernatant was considered as the crude enzyme source. 
 
Results & Discussion 
The aim of the present work was to isolate and select a 
local strain capable of producing a relatively large 
amount of mannanase [21, 22]. Mannanase enzyme has 
a technological importance in the food, feed, as well as 
pulp and paper industries [23, 24]. It is very important 
for the enzymatic digestion of hemicelluloses, one of 
the most abundant groups of polymers in nature. This 
enzyme hydrolyzes mannan yielding mannotriose and 
mannobiose [4]. This enzyme is used in the food and 
pharmaceutical industries [25], as well as in the paper 
industry [26]. 
Screening of fungal strains for degrading enzymes 
Fungal strains were screened for their ability of to 
produce degrading enzymes. The results revealed that 
the highest activity detected in the culture filtrate was 
for the followed by xylanase, whereas endoglucanase 
and β-galactosidase were very low. On the other hand, 
the culture filtrate did not contain any β-mannosidase 
activity (Table 1). So, β-mannanase enzyme will be the 
target of this study. 
Activity of β -mannanase enzyme under static & 
shaken conditions 
The results in Table 2 indicate that all the tested isolates 
were able to degrade mannan and produce extracellular 
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mannanase with different levels. The most potent 
mannanase producer was A. niger, which produced the 
highest extracellular mannanase activity (2.90U/ml), 
followed by A. flavus (2.54 U/ml) and A.  ochraceous 
(2.16 U/ml).  It was noticed that the final pH value of A. 
niger was acidic pH, while that of most cultures of the 
other tested organisms lied in the alkaline range (7.1 - 
8.5). The extracellular protein content of the tested 
cultures ranged from (0.408 – 0.579). The highest 
protein content was obtained in culture of Aspergillus 
niger in the static culture whereas A. ochraceous 
Recorded the highest value in shaken conditions. 
However, it was generally observed that there was no 
direct relationship between the protein content and the 
production of mannanase of the tested cultures. It was 
also observed that there was no relation between the 
growth of the tested fungi and the mannanase activity 
produced in their cultures. A possible explanation for 
the highest mannanase activity in static flask compared 
to the shake flask is that, the Oxygen limitation could 
be a serious problem in the shaken flask cultivations 
due to the highly non-Newtonian medium that is cause 
by the filamentous growth of the fungus. For shaken 
conditions (Table 3) the extracellular mannanase 
activity, which detected in culture filtrates of shaken 
culture after 7-day incubation period was generally 
lower than that of static culture. The highest 
extracellular mannanase activity was obtained from A. 
niger (1.59U/ml) followed by A. ochraceous. 
(1.46U/ml) and A. flavus(1.38U/ml).  
According to the previous results, A. niger 
cultivated under static condition was selected as the 
best fungus for the production of extracellular 
mannanase.  
Mannanase enzyme has been reported to be 
produced by several hemicellulolytic fungi such as 
Trichoderma harzianum [27], Polyporus versicolor 
[28], Penicillium purpurogenum [29], Thielavia 
terrestris [30], Aspergillus tamarii [31] and Aspergillus 
niger [32]. 
Effect of incubation period on β –mannanase 
activity 
To investigate the production of extracellular 
mannanase by A. niger during different incubation 
periods, The cultures were incubated at 30C under 
static condition for different periods (1 to 14). The 
production of the enzyme was monitored at different 
time intervals, filtrates were collected for estimation of 
mannanase activity, protein content and growth as dry 
weight. The final pH value at different time intervals 
was also estimated. 
Mannanase activity (Table 4) present in the 
culture increased regularly during the first 6 days of 
incubation and the highest mannanase activity (3U/ml) 
was obtained at the 6 day of incubation reading 2.48-
fold of that after 1 day of incubation. At longer 
incubation periods the activity decreased gradually and 
after 14 days the lowest mannanase activity was shown 
(2.16U/ml) representing 72% of the activity obtained at 
6th day of incubation. It was also noticed that the 
growth as a dry weight increased gradually with 
increasing the incubation period until it reached its 
maximum value after 8 days of incubation, then it 
decreased gradually. The pH value of the culture filtrate 
decreased with the increase of incubation period until 6 
days of incubation period (pH 4.0) then increased 
gradually at longer incubation periods, however it was 
still in the acidic range. According to the present 
results, a 6-day incubation time was selected for 
continuing the next experiments.   
Effect of temperature on β –mannanase activity 
From the data given in Table 5, it was observed that the 
maximum mannanase activity (3.22 U/ml) as well as the 
highest extracellular protein (2.780 mg/ml) and growth 
(2.920 g/100ml) were obtained at an incubation 
temperature of 30C. At higher temperatures, the 
enzyme activity of the culture filtrate showed lower 
values and the same effect was observed at lower 
temperature. 
Regarding the temperature effect and 
according to the theory proposed by Jacob and Monod 
[25], the synthesis of this of enzyme can be induced. 
However, when the inducer is removed or the cell is in 
stationary phase, the enzyme synthesis will stop 
immediately. This observation would suggest that the 
mRNA of this kind of enzyme is unstable. An 
appropriate decrease in temperature would enhance the 
stability of the mRNA and prolong the duration of 
enzyme production. However, the operating 
temperature cannot be too low as biochemical reaction 
rate will decrease with decreasing temperature.  
Collectively, the results obtained in this work 
demonstrated that the A. niger is a low cost 
biotechnological source for β-mannanase production to 
be used in the food, feed, as well as pulp and paper 
industries. 
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          Table 1. Enzyme activity detected in the culture filtrate of tested fungi. 
 
 
 
 
Table 2. Production of  extracellular β-mannanase by some local fungi in static culture. 
Fungus Dry weight (g/100ml) 
Final pH 
value 
Protein content 
(mg/ml) 
Mannanase activity 
(U/ml) 
A. flavus 0.460 7.9 0.468 2.54 
A.  ochraceous 0.570 8.5 0.497 2.16 
A. niger  0.600 4.5 0.531 2.90 
 
Table 3. Production of extracellular β-mannanase by some local fungi in shaken culture. 
 
Fungus Dry weight (g/100ml) 
Final pH 
value 
Protein content 
(mg/ml) 
Mannanase activity 
(U/ml) 
A. flavus 0.153 8.1 0.572 2.38 
A.  ochraceous 0.313 7.6 0.579 1.46 
A. niger  0.311 4.0 0.513 2.29 
 
Table 4.  Production of β-mannanase by A. niger at different incubation times. 
Time (Day) Dry weight (g/100ml) Final pH value Protein content (mg/ml) Mannanase activity (U/ml) 
1 0.189 6.1 0.251 1.21 
2 0.297 5.0 0.300 1.56 
3 0.431 4.6 0.368 2.63 
4 0.458 4.1 0.411 2.80 
6 0.470 4.1 0.440 3.00 
8 0.490 4.2 0.400 2.82 
10 0.480 4.5 0.409 2.71 
12 0.460 5.1 0.411 2.42 
14 0.456 5.6 0.413 2.16 
 
 
 
 
 
 
 
 
 
Enzyme Enzyme Activity (U/ml) 
        A. niger          A. flavus A.  ochraceous 
Endoglucanase 
β-Galactosidase  
β—mannanase  
Xylanase  
β-mannosidase 
0.75 
0.95 
2.90 
2.00 
0.00 
0.50 
0.75 
2.54 
1.98 
0.00 
0.40 
0.30 
2.16 
0.90 
0.00 
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Table 5. Effect of incubation temperature on the production of β-mannanase by A. niger. 
Incubation 
temperature (°C) 
Dry weight 
(g/100ml) 
Final pH 
value 
Protein content 
(mg/ml) 
Mannanase activity 
(U/ml) 
20 2.014 4.2 1.612 1.16 
25 2.300 4.1 2.125 2.32 
30 2.920 3.7 2.780 3.22 
35 2.660 4.1 2.003 2.79 
40 2.502 5.3 1.966 1.70 
45 1.810 6.2 1.117 1.31 
 
Table 6.  Effect of initial PH value on the production of β-mannanase by Aspergillus niger. 
Initial pH Dry weight (g/100ml) Final pH value 
Protein content 
(mg/ml) 
Mannanase activity 
(U/ml) 
3 2.131 3.2 1.701 1.64 
4 2.342 4.4 1.973 2.22 
5 2.970 3.9 2.812 3.46 
6 2.424 4.2 2.543 3.00 
7 2.213 4.8 1.634 1.63 
8 2.151 5.5 1.441 1.21 
 
 
Table 7.  Effect of inoculum size on the production of β-mannanase by A. Niger. 
Size of inoculum 
(spore/ml) x 106 
Dry weight 
(g/100ml) 
Final pH 
value 
Protein content 
(mg/ml) 
Mannanase activity 
(U/ml) 
0.1 0.779 5.4 1.166 0.73 
0.5 1.687 5.0 1.232 1.81 
1 1.926 4.5 1.821 2.67 
2 2.124 4.0 2.457 2.98 
3 2.126 4.0 2.268 3.62 
4 2.018 4.2 2.147 3.16 
 
 
References 
[1]Mccarthy, Tracey C.; Lalor, Eoin; Hanniffy, Orla; 
Savage, Angela V. and Tuohy, Maria G. 
Comparison of wild-type and UV-mutant β-
glucanase- producing strains of Talaromyces 
emersonii with potential in brewing applications. 
Journal of Industrial Microbiology and 
Biotechnology, April 2005, vol. 32, no. 4, p. 125-
134. 
[2]Müller, Christian; Mcintyre, Mhairi; Hansen, Kim 
and Nielsen, Jens. etabolic engineering of the 
morphology of oryzae by altering chitin synthesis. 
Applied and Environmental Microbiology, April 
2002, vol. 68, no. 4, p. 1827-1836. 
[3]Papagianni, Maria. Fungal morphology and 
metabolite production in submerged   mycelial 
process. Biotechnology Advances, January 2004, 
vol. 22, no. 3, p. 189-259. 
[4]Stalbrand, S., Siika-Aho, M., Tenkanen, M., Viikari, 
L. 1993. Purification and characterization of two β-
mannanases from Trichoderma reesei. J. 
Biotechnol. 29, 229–242. 
[5]Godfrey T. Edible oils. 1983. In: Godfrey T, 
5 
Alsarrani / JTUSCI 5: 1-6  (2011)  
                   
 
β-mannanase production by A.niger 
 
Reichelt J, editors. Industrial enzymology. NY: 
Nature Press; p. 424–7. 
[6] Wong, K.K.Y., Saddler, J.N. 1993. Application of 
hemicellulases in the food, feed, and pulp and paper 
industries. In: Coughlan MP, Hazlewood GP, 
editors. Hemicelluloses and hemicellulases. London: 
Portland Press; pp. 127–43. 
[7] Lahtinen, T., Kristoo, P. and palohermo, M. 1995. 
Mannanases in softwood kraft pulp bleaching. 
Abstract PG4-101, Sixth International Conference 
in Biotechnology in Pulp and Paper industry. 11-15 
June 1995, Vienna, Austria. 
[8]Viikari, L., Kantelinen, A., Sundguit, J., and Linko, 
M. 1994. Xylanases in bleaching from an idea to 
industry.  FEMS MIcrobiol. Rev. 13: 335-350. 
[9] Akino, T., Nakamura, N. and Horikoshi K. 1987. 
Production of β-mannosidase and β-mannanase by 
an alkalophilic Bacillus sp. Appl. Microbiol. 
Biotechnol. ;26:323–7. 
[10] Arisan-Atac I., Hodits R., Kristufek D., Kubicek 
C.P. 1993. Purification and characterization of a β-
mannanase of Trichoderma reesei C-30m. Appl. 
Microbiol. Biotechnol.: 39:58–62. 
[11] Wozniewski, T., Blaschek, W., Franz, G. 1992. 
Isolation and characterization of an endo-β-
mannanase of Lilium testaceum bulbs. 
Phytochemistry; 31:3365–70. 
[12] Yamaura, I. and Matsumoto, T. 1993. Purification 
and some properties of endo-1,4-β-d-mannanase 
form a mud snail, Pomacea insularus 
(deOrdigny). Biosci. Biotechnol. Biochem. 
;57:1316–9. 
[13]Emi, S., Fukumoto, J. and Yamamoto, T. 1972. 
Crystallization and some properties of mannanase. 
Agric. Biol. Chem.;36:991–1001. 
[14] Takahashi, R., Kusakabe, I., Kobayashi, H., 
Murakami, K., Maekawa, A. and Suzuki, I.1984. 
Purification and some properties of mannanase 
from Streptomyces sp. Agric. Biol. Chem. 
;48:2189–95. 
[15] Hossain, M.Z., Abe, J. and Hizukuri, S. 1996. 
Multiple forms of β -mannanase from Bacillus sp. 
KK01. Enzyme  Microbial. Technol.;18:95–8. 
[16] Al-zahrani, K. D. (2010). Study on the fungi 
contaminating some nuts and dried food in 
Almadinah Almunawarrah Market, KSA. M. Sc. 
Thesis. Taibah university, KSA. 
[17] Lowry, O.H., Rosebrough, N.H., Farr, A.L. and 
Randall, R.J. 1951. Protein measurement with the 
folin phenol reagent. J. Biol. Chem., 193:265-275. 
[18] Bailey, M. J., Biely, P. and Poutanen, K. 1992. 
Interlaboratory testing of methods for assay of 
xylanase activity. J. Biotechnol. 23: 257-270. 
[19] Wood, T. M. and Bhat, K. M. 1988. Methods for 
measuring cellulolase activities. Methods 
Enzymol. 160:87-112. 
[20] Ratto, M. and Poutanen, K. 1988. Production of 
Mannan-degrading enzymes. Biotechnol. Lett. 1: 
661-664. 
[21] Nielsen, P. and Sorensen, J. (1997). Multi-target 
and medium-independent fungal antagonism by 
hydrolytic enzymes in Paenibacillus polymyxa and 
Bacillus pumilus strains from barley rhizosphere. 
FEMS Microbiol. Ecol., 22,  (3) p : 183-192. 
[22]Reese, E.T. and Shibata, Y. (1965). β-mannanase of 
fungi. Can. J. Microbiol., 11: 167-183. 
[23] Godfrey, T. (1983). Eatable oils. In: Godfrey, T. 
and Reichelt, J. (Eds.)., Industrial enzymology. 
Nature Press, New York. P. 424-427. 
[24] Wong, K.K.Y. and Saddler, J.N. (1993). 
Applications of hemicellulases in the food, feed, 
and pulp and paper industries. In: Coughlan,M.P. 
and Hazlewood, G.P. (Eds.), Hemicellulose and 
hemicellulases. Portland Press, London, England. 
P: 127-143. 
[25] Christgau, S.; Andersen, L.N.; Kauppinen, S.; 
Heldt-Hansen, H.P. and Dalboege, H. (1994). 
Purified enzyme exhibiting mannanase activity; 
application in oil, paper, pulp, fruit and vegetables 
juice industry and in carrageenan extraction. 
Patent Novo-Nordisk, 9425576, 10 November 
1994. 
[26] Paice, M.B. and Jurasek, L. (1984). J. Wood 
Chem. Technol., 6: 187: 198. 
[27] Torrie, J.P.; Senior, D.J. and Saddler, J.N. (1990). 
Production of b-mannanases by Trichoderma 
harzianum E58. Appl. Microbiol. Biotechnol., 34: 
303-307. 
[28] Johnson, K.G. (1990). Exocellular b-mannanases 
from hemicellulolytic fungi. World J. Microbiol. 
Biotechnol., 6 (2): 209-217. 
[29] Park, G.G.; Kusakabe, I.; Komatsu, Y.; Kobayashi, 
H; Yasui,T. and Murakami, K. (1987). 
Purification and some properties of b-mannanase 
from Penicillium purpurognum. Agric. Biol. 
Chem., 51: 2709-2716. 
[30] Araujo, A. and Ward, O.P. (1990). Mannanase 
components from Bacillus pumilus. Applied and 
Environmental Microbiology, 56: (6) 1954-1956. 
[31] Civas, A.; Eberhard, R.; Le Dizet, P. and Petek, F. 
(1984). Glycosidases induced in Aspergillus 
tamarii. Biochem. J., 219: 857-863. 
[32] El-Aassar, S. A. El-Naggar, M. Y., Amany, S. Y. 
and Ihab A. Beltagy (2007). Purification and 
characterization of β-Mannanase produced by 
Aspergillus niger. (Local isolate). Adv.Food Sci. 
(CMTL) 29 (2): 70-78.  
[33] Jacob, F., Monod, J. 1961. Genetic regulatory 
mechanisms in the synthesis of proteins. Mol. 
Biol. (USSR);3:318–56.   
 
 
 
 
6 
